Introduction {#sec1}
============

Graves' disease (GD) is the most common cause of hyperthyroidism in children and adolescents. It is a systemic autoimmune disease characterized by the infiltration of thyroid antigen-specific T cells into thyroid-stimulating hormone receptor (TSH-R) expressing tissues \[[@cit0001], [@cit0002]\]. Pathogenesis of GD is complex and includes both genetic and environmental factors, such as cigarette smoking, high dietary iodine intake, stress and pregnancy \[[@cit0002]-[@cit0006]\]. In children it may occur at any age with a peak during adolescence, and similarly to adults, it is much more frequent in girls than in boys \[[@cit0001]\]. Manifestations of GD result from stimulatory autoantibodies (Ab) which activate TSH-R leading to uncontrolled production and secretion of thyroid hormones (TH) and to the development of the goiter \[[@cit0002]\]. Anti-thyroid peroxidase antibody and anti-thyroglobulin antibody could also be detected in patients with hyperthyroidism, but TSH-R Ab are specific biomarkers for GD \[[@cit0007], [@cit0008]\].

Untreated thyrotoxicosis as well as autoimmune process itself, exerts wide-ranging effects on a variety of organ systems, including the influence on haematopoiesis and liver function \[[@cit0009]-[@cit0012]\]. After the initiation of antithyroid drug (ATD) therapy those abnormalities are unusually reversible, but in some patients they could persist or appear owing to the negative impact of such therapy \[[@cit0013]-[@cit0018]\].

Hyperthyroidism could result in changes in all blood cell lineages \[[@cit0011], [@cit0019]-[@cit0023]\]. Thyroid hormone excess due to increased tissue oxygen demands enhances erythropoiesis through hyperproliferation of immature erythroid progenitors and increased secretion of erythropoietin (EPO) by inducing erythropoietin gene expression \[[@cit0011]\]. Simultaneously, an increase in plasma volume, shorter erythrocyte life span, increases in iron turnover and iron, vitamin B~12~ or folate deficiency could result in anaemia \[[@cit0021], [@cit0023]\]. On the other hand, hyperthyroidism leads to a (usually mild) decrease in total white blood cell count, neutropenia and thrombocytopenia \[[@cit0011], [@cit0023], [@cit0024]\]. Pancytopenia and autoimmune haemolytic anaemia are rare complications of thyroid hormone excess \[[@cit0021], [@cit0022]\].

The relationships between the thyroid gland and the liver are complex. Thyroid hormone excess may lead to hepatic or cholestatic liver injury, and on the other hand, liver disturbances could influence thyroid hormone metabolism and action \[[@cit0010], [@cit0025]\]. Thyroid autoimmunity such as GD can be associated with primary biliary cirrhosis or hepatitis due to autoimmune process activity \[[@cit0026]\]. The incidence of liver biochemical abnormalities in patients with untreated thyrotoxicosis varies from 15% to 79% \[[@cit0027]\]. Acceleration of cellular metabolism resulting from thyrotoxicosis may lead directly to relative hepatic anoxia, hepatocyte damage and apoptosis with subsequent serum hepatic enzymes elevation and increased susceptibility to oxidative stress. Hepatic injury manifests predominantly in serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) elevations, while cholestatic liver injury results mainly in an increase in serum alkaline phosphatase (ALP) and rarely in elevations in gamma-glutamyl transpeptidase (GGT) and bilirubin \[[@cit0010], [@cit0027]\]. In the majority of patients liver dysfunctions are self-limiting and reversible after the initiation of ATD therapy \[[@cit0010], [@cit0028], [@cit0029]\]. Rarely, the development of hepatocellular necrosis and perivascular fibrosis leads to persistent hepatitis and progressive liver failure \[[@cit0025], [@cit0030]\].

The aim of this study was to assess peripheral blood picture and aminotransferase activity in patients with newly diagnosed GD before the initiation of ATD therapy and after the first 4-6 weeks of ATD treatment.

Material and methods {#sec2}
====================

The consent of the Bioethics Committee at the Medical University of Warsaw was obtained before conducting the study. We analysed retrospectively the medical data of 59 children and adolescents (median age: 15 years) hospitalized due to newly diagnosed GD in the Department of Paediatrics and Endocrinology, Medical University of Warsaw, from January 2011 to June 2018. The inclusion criterion was positive TSH-R Ab assay. Other causes of abnormalities of blood cell parameters and aminotransferase activity were excluded. Baseline analysis included levels of thyroid-stimulating hormone (TSH), free triiodothyronine (fT3), free thyroxine (fT4), TSH-R Ab, red blood cell (RBC) count, haemoglobin (Hgb) level, the values of mean corpuscular volume (MCV) and RBC distribution width (RDW), total white blood cell (WBC) count, neutrophil count, platelet (PLT) count and AST and ALT activity. All patients enrolled into the study were treated with standard doses of methimazole (0.5-1.0 mg/kg/day). Four-six weeks after the initiation of ATD therapy we assessed levels of TSH, fT3 and fT4, RBC count, Hgb level, MCV, RDW, WBC count, neutrophil count, PLT count and aminotransferase activity. The values of the peripheral blood cell parameters and aminotransferase activity were compared to reference ranges for age.

Biochemical analyses {#sec2.1}
--------------------

Complete blood count (CBC) was measured in blood collected in EDTA samples using Sysmex XN 1000i haematological analyzer. ALT and AST activity was measured by dry chemistry method using Vitros 5600 (Ortho Clinical Diagnostics) analyzer. The serum concentrations of TSH, fT3 and fT4 were measured by immunofluorescence method using the Architect i1000SR analyzer (Abbott Diagnostics). The TSH-R Ab levels were measured by electrochemiluminescence immunoassay (ECLIA) with the Cobas e801 analyzer.

Statistical analysis {#sec2.2}
--------------------

Statistical analysis was conducted using Statistica 13.1 software. Data distribution was checked using the Shapiro-Wilk normality test. Comparisons between baseline and ATD treatment values of TSH, fT3, fT4, RBC count, Hgb level, MCV, RDW, WBC count, neutrophil count, PLT count, ALT and AST activity were conducted using the Wilcoxon signed-rank test for non-normally distributed data and using the T-test for normally distributed data. Correlation analysis was performed using the Pearson correlation coefficient and the Spearman correlation analysis, as appropriate. A *p* value \< 0.05 was considered statistically significant.

Results {#sec3}
=======

The study group consisted of 51 girls (86.4%) and 8 boys (13.6%) with newly diagnosed GD. The characteristics of all the parameters which were analysed at baseline, at diagnosis of GD, and 4-6 weeks after the initiation of ATD therapy are presented in [Table 1](#t0001){ref-type="table"}.

###### 

The characteristics of analysed parameters at baseline and 4-6 weeks after initiation of antithyroid drug (ATD) therapy

  Parameters                 Baseline              4-6 weeks of ATD therapy   *p*-value
  -------------------------- --------------------- -------------------------- -----------
  Age (years)                15 (11.6-16.3)        --                         --
  Height (cm)                162.5 (154.3-169.0)   --                         --
  Weight (kg)                52.9 (40.7-64.0)      --                         --
  TSH (μIU/ml)               0.00 (0.00-0.00)      0.00 (0.00-0.09)           \< 0.0001
  fT3 (pg/ml)                10.98 (5.91-16.39)    2.77 (2.31-3.29)           \< 0.0001
  fT4 (ng/dl)                2.43 ±0.74            0.83 (0.66-1.01)           \< 0.0001
  TSH-R Ab (IU/l)            9.77 (3.01-14.53)     --                         --
  ALT (U/l)                  33.5 (26.0-42.0       31.0 (24.0-36.0)           \< 0.01
  AST (U/l)                  4.78 ±0.46            28.5 (24.0-34.0)           NS
  RBC (×10^6^/μl)            28.0 (23.0-37.0)      4.87 ±0.42                 \< 0.01
  Hgb (g/dl)                 12.76 ±1.19           13.04 ±1.11                \< 0.01
  MCV                        80.2 (76.0-84.0)      80.15 (75.9-84.5)          NS
  RDW                        13.1 (12.5-13.8)      14.1 (13.4-14.9)           \< 0.0001
  WBC (×10^3^/μl)            6.7 (5.3-7.9)         6.9 (5.9-7.7)              NS
  Neutrophils (×10^3^/ μl)   2.9 (2.0-4.5)         3.6 (2.9-4.5)              NS
  PLT (×10^3^/μl)            257.0 (218.0-287.0)   277.5 (248.5-319.5)        \< 0.0001

Data are presented as mean ±standard deviation (SD) or median with the interquartile range, as appropriate, TSH -- thyroid-stimulating hormone, fT3 -- free triiodothyronine, fT4 -- free thyroxine, TSH-R Ab -- TSH receptor antibodies, ALT -- alanine aminotransferase activity, AST -- aspartate aminotransferase activity, RBC -- red blood cell count, Hgb -- haemoglobin concentration, MCV -- mean corpuscular volume, RDW -- RBC distribution width, WBC -- white blood cell count, PLT -- platelet count, NS -- not significant

The evaluation of baseline haematological parameters revealed that the most common abnormalities in peripheral blood picture in the studied children were decreased neutrophil count found in 37.3% of patients, decreased MCV found in 32.2% and decreased Hgb levels in 22%. Decreased RBC count was found in 13.6% of the studied group, decreased WBC count in 8.5% and decreased PLT count in 5%. In contrast to the above-mentioned parameters, baseline RDW had a tendency to be higher than normal values and in 15.3% of patients exceeded the upper normal range. In most cases all those abnormalities were mild and none of the patients had severe neutropenia, anaemia or thrombocytopenia. Peripheral blood picture reassessment performed 4-6 weeks after the initiation of ATD therapy showed statistically significant changes in most of the analysed parameters compared to baseline values -- decreased Hgb concentration was found in 10% of patients (*p* \< 0.01), decreased RBC count in 3.6% (*p* \< 0.01), decreased PLT count in 1.8% (*p* \< 0.0001) and increased RDW in 51.3% of patients (*p* \< 0.0001). The values of MCV, WBC and neutrophil count did not change significantly and remained decreased in 35.7%, 8.9% and 10.7% of patients, respectively.

Simultaneously, increased baseline ALT activity was found in 44% of patients, but in most cases it was slightly above the upper limit of the normal range. In 6.8% of patients, baseline ALT activity exceeded the upper limit of the range more than twice. Baseline AST activity was increased in 32.2% of the studied group, but its value was 2 times higher than the upper limit of the reference value only in 5% of patients. Four-six weeks after the initiation of ATD therapy, increased activity of both ALT and AST was observed in 22% of patients, but it did not exceed the upper limit of the range more than twice in any of the patients. Statistical analysis revealed that only the decrease in ALT activity was statistically significant (*p* \< 0.01). We also noticed that in some patients, both at baseline and during ATD therapy, haematological and liver function abnormalities coexisted, but we did not investigate any potential reasons for that.

Our further analysis focused on the assessment of the relationships between baseline levels of TSH, free TH and TSH-R Ab and baseline and treatment values of all the above-mentioned haematological parameters and aminotransferase activity.

Correlation analysis revealed statistically significant negative relationships between TSH-R Ab levels and MCV, both at baseline (*r* = --0.40, *p* \< 0.01) and during ATD therapy (*r* = --0.45, *p* \< 0.01). There were no associations between baseline TSH-R Ab and any other haematological parameters. Similar analysis including baseline TSH and free TH concentrations and peripheral blood parameters showed only a significant association between baseline TSH level and baseline MCV (*r* = 0.36, *p* \< 0.01). Baseline free TH levels were not associated with any of the haematological parameters.

Our further analysis, which included aminotransferases activity, showed that TSH levels were negatively related to ALT activity, both at baseline (*r* = --0.33, *p* \< 0.05) and during ATD therapy (*r* = --0.29, *p* \< 0.05). The association between TSH levels and AST activity was almost significant at baseline (*p* = 0.054) and statistically significant during ATD therapy (*r* = --0.32, *p* \< 0.05). We also found significant positive relationships between baseline free TH and baseline ALT activity (*r* = 0.32, *p* \< 0.05 for fT4 and *p* = 0.0503 for fT3). We did not find any relationships between baseline TSH-R Ab and ALT or AST activity.

Discussion {#sec4}
==========

Changes in haematopoiesis and liver metabolism are the most common dysfunctions reported in untreated thyrotoxicosis \[[@cit0009]-[@cit0012], [@cit0023], [@cit0025], [@cit0027]\]. The incidence of haematopoiesis disorders in patients with GD varied between studies, but anaemia seemed to be the most common, and its incidence is estimated at 10-34% of patients, while the incidence of leukopenia and thrombocytopenia is estimated to be less than 10% \[[@cit0031], [@cit0032]\]. Pancytopenia and autoimmune haemolytic anaemia are very rare complications of GD \[[@cit0021], [@cit0022], [@cit0032]\]. In our study, we evaluated the incidence of haematopoiesis disorders in children and adolescents with newly diagnosed GD and we analysed early changes in the peripheral blood picture observed in those patients 4-6 weeks after the initiation of ATD therapy.

In our study group, the most common haematologic abnormalities observed at diagnosis of GD, were decreases in neutrophil count, MCV and Hgb levels, which were found in 37.3%, 32.2% and 22% of , respectively. Reduced RBC count was observed in 13.6% of children, decreased WBC count in less than 10% and decreased PLT count was found only in 5% of patients. Increased RDW was found in 15.3% of patients before ATD therapy. We did not find any significant correlations between baseline autoimmune process activity characterized by TSH-R Ab levels and any of the evaluated haematologic parameters except MCV both before and during ATD therapy. After the first 4-6 weeks of ATD therapy, Hgb levels, RBC count, RDW values and PLT count increased significantly, while MCV, WBC and neutrophil count did not change significantly compared to baseline values.

In the literature, data concerning haematologic abnormalities in children and adolescents with GD, in contrast to a number of studies including adult population, are scarce. The study by Gianoukakis *et al.* \[[@cit0033]\] showed that 33% of adult patients with newly diagnosed GD presented anaemia, but the incidence of anaemia not attributable to other causes (GD anaemia) was 22%. The authors also noticed that anaemia was more than twice as frequent in men as in women and was associated with higher, but within normal reference limits, mean EPO levels found in those patients in contrast to patients without anaemia. Hgb concentrations correlated inversely with EPO levels and that relationship persisted also after multivariate adjustment for total T3 or total T4. The authors also confirmed that Hgb levels normalized in almost all patients with GD anaemia usually 16 ±6.3 weeks of ATD therapy \[[@cit0033]\].

In our study, the number of patients with anaemia at diagnosis of GD was comparable to the above-mentioned findings and we also noticed a significant increase in Hgb levels after the initiation of ATD therapy, even though in our study the observation period was shorter. Due to the small number of boys in our study group we did not analyse our results in gender-related subgroups. In the earlier study by Reddy *et al.* \[[@cit0034]\], the most common abnormality of the peripheral blood picture found in patients with uncomplicated thyrotoxicosis was the erythrocytes microcytosis, found in 37% of patients. Anaemia was reported in 8.5%, absolute lymphocytosis in 11% and neutropenia in 2.5% of patients. In our study group, decreased MCV value was also found in more than one-third of children, and it did not change significantly after the first few weeks of ATD therapy. Geetha and Srikrishna \[[@cit0035]\] evaluated RDW and MCV in patients with thyroid dysfunction and found that RDW values were significantly increased in both hypo- and hyperthyroid patients, while MCV was significantly decreased in hyperthyroidism and significantly increased in hypothyroidism. The authors concluded that abnormal levels of thyroid hormones might substantially influence the size variability of circulating RBC \[[@cit0035]\]. Our analysis also confirmed significant changes in RDW values, which were increased in 15.3% of untreated GD children and in 51.3% after the first 4-6 weeks of ATD therapy. Kawa *et al.* \[[@cit0019]\], who aimed to explain the exact mechanism of thyroid hormones' action on human haematopoiesis, showed that both hypo- and hyperthyroidism modify thyroid hormone receptors gene expression in haematopoietic progenitor cells (HPCs) *in vivo*. Their investigations detected an increase in the frequency of apoptotic CD34(+)-enriched HPCs in both hypo- and hyperthyroidism with a modulation of apoptosis-related genes. They concluded that the molecular mechanism by which thyroid hormones influence haematopoiesis might provide a basis for designing novel therapeutic interventions in thyroid diseases \[[@cit0019]\]. The complexity of those mechanisms may explain why we did not find any direct associations between free TH levels and red blood cell parameters in our patients. Changes in WBC and PLT pictures in patients with GD are less frequent than RBC abnormalities. The incidence of neutropenia in thyrotoxicosis is estimated at 2.5-18% \[[@cit0034], [@cit0036], [@cit0037]\]. Our analysis showed that WBC and neutrophil counts, more often than PLT count, were decreased in patients with GD, both untreated and during the first weeks of ATD therapy. None of the patients had severe leukopenia or thrombocytopenia. We also found that after the initiation of ATD therapy, PLT count normalized faster than WBC count, which remained unchanged after the first 4-6 weeks of treatment. We also noted that more than one-third of children had (usually slightly) decreased neutrophil count before the initiation of ATD therapy, which normalized in most of them during ATD treatment, and remained slightly decreased only in 10.7% of patients. Our findings do not coincide with earlier results by Dorgalaleh *et al.* \[[@cit0011]\], who confirmed significant changes in red blood cell parameters, such as Hgb and RDW, but did not find any statistically significant differences in WBC or PLT counts between hyperthyroid and hypothyroid patients. Authors which confirmed decreased PLT count in patients with GD, suggest that thrombocytopenia in that group could be related to an increased sequestration potency of the reticuloendothelial phagocyte system stimulated by thyroid hormone \[[@cit0038]\]. It is worthy to note that although the initiation of ATD therapy usually results in normalization of the Hgb level and RBC, WBC and PLT counts, neutropenia and agranulocytosis may occur as adverse effects of ATD therapy, which indicates the need of constant monitoring of CBC in GD patients \[[@cit0013], [@cit0014], [@cit0033]\].

The second part of our study was the analysis of the relationships between thyroid hormone concentrations, autoimmune process activity and aminotransferase activity both at baseline, before the initiation of therapy, and after 4-6 weeks of ATD therapy. The coincidence of liver dysfunction and hyperthyroidism is relatively frequent, but varies significantly between studies \[[@cit0027], [@cit0039]\]. Hepatic dysfunctions in patients with hyperthyroidism are related to the effects of thyroid hormone excess, ATD-related liver injury and to the presence of concomitant liver disease \[[@cit0040], [@cit0041]\]. Our study showed increased ALT activity in 44% of children and increased AST activity in 32.2% of patients before the initiation of ATD therapy. Elevations of ALT and AST activity were more than twice above the upper normal range in 6.8% and in 5% of patients for ALT and AST, respectively. In the literature, as in the case of haematologic disorders, data concerning the incidence of liver dysfunctions among paediatric patients with GD are limited. Biscoveanu and Hasinski \[[@cit0042]\], who aimed to determine the incidence of liver dysfunction in patients with hyperthyroidism, noticed abnormal results of a liver function test in 37% of adult patients. They found increased ALT activity in 26% of patients and increased AST activity in 17%. Some studies indicate that hyperthyroidism leads mainly to an increase in ALT activity, while AST activity is not affected by thyroid hormone excess to such degree \[[@cit0043]\]. Our findings in paediatric populations with GD corresponded with the above-mentioned results. On the other hand, Targher *et al.* \[[@cit0044]\], who investigated the relationships between serum ALT activity and thyroid function tests in a cohort of hypothyroid, euthyroid and hyperthyroid adult individuals, reported that ALT activity increased significantly steadily across the increasing TSH concentrations and simultaneously there was a negative relationship between serum ALT activity and serum fT4 levels \[[@cit0044]\]. Despite some discrepancies in the literature, an increase in serum liver enzyme activity seemed to be relatively common. Liver injury related to untreated hyperthyroidism usually normalizes during therapy \[[@cit0039]\]. In our study, 4-6 weeks after the initiation of ATD therapy we noticed a significant decrease in ALT activity, while AST activity did not change significantly. We also found that ALT activity was related to baseline TSH and free TH levels. Simultaneously, we did not find any significant associations between autoimmune process activity and aminotransferase activity, which could suggest that it is a thyroid hormone excess, rather than the autoimmune process itself, that is responsible for hepatic enzymes elevation.

The results of our study indicate that baseline screening for haematologic abnormalities and liver dysfunction should be a standard practice in all newly diagnosed children and adolescents with GD before the initiation of ATD therapy. Although changes in haematopoiesis and liver function are usually mild and reversible during ATD therapy, due to possible side effects of such treatment, routine monitoring of peripheral blood picture and aminotransferase activity should also be performed during ATD therapy.

Conclusions {#sec5}
===========

Changes in haematopoiesis and liver function are relatively frequent in children and adolescents with newly diagnosed GD. Their incidence seems to be similar to that reported in adult population with GD. The most common alterations seem to be those in neutrophil count, red blood cell parameters and in ALT activity. The initiation of ATD therapy usually leads to a significant improvement in those parameters as early as in the first few weeks of treatment.
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